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By E. Barton Bell ad. Lucas J. DeKoster

SUHW,RY

An Investigation of the characteristics of air scoops
●Tas me.de in the NACA propeller-resear oh tunnel. The in-
vestigation showed that, at Inlet-velocity ratios equal
.to or greater than 0.3, Scoops in a forwar& position on
the fuselago gave total pressures in the inlet nearly
equal to free-ntream total pressure. Scoops ia positions
for which the boundary layer is appreciable must, how-
ever, have some means of separating the boundar~layer
air fron tLo inlet air if satisfactory Frossures me to be
obtained. Critical iinch numbers of 0.53 are obtainable
with scoops on the forward part of the fuselage.

II?TIZODUCTION

The present preliminary investigation of tho charac–
teristios of air scoops Is one phase of an NACA research .
pro~ect to &evelop an efficient air inlet to meet the re–
quirements of modern aificraft installations, !l!hepurpose
of the investigation was to determine the effect of vary-
ing the Inlet-velocity ratio on the pressures available in
the duct inlet and on the indicated critical Mach number.
The tests wer’p limited to scoops tested in two positions
on m streamline body. With the scoops In the midpositlon
on the fuselage, several methods for separating the bound-
ary-layer alr from the Inlet air were tried.

APPARATUS

The data .of this regort were obtained from tests made
in the propoller-resee.rch tunnel on an l?ACA 111 fuselage
shape with a fineness ratio of 5.0, The ordinates given
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in table I were obtained from refer enoe 1 but are ex-
pressed in a slightly different form. The top of the
fuselage was fitted with removable wooden covers to which
scoops of various shapes were added. A rectangular stub
wing of lTACA 0015 section and 15-foot span was mounted
in a midwing position on the fuselage. Figure 1 is a
photograph showing scoop B-l-c mounted on the model ready
for testing. Tho air was taken in by the scoop being
tested, passed through an ax.jal-flow fan, and exhausted
through a duct leediag to the wing tip. The air flow was
incr~~sed or decreased by regulating the fan speed. Fig-
ure 2 shows the genernl arrangement of the model. The
duct in the wing was in the form of a venturi tube, which
was c.zlibrated and used to measure the quantity of air
flowing through the system.

Scoops were no~tod in two different positions on
the fuselngo. (See fig. \2.1 I!’orthe forward position,
deslgnatod A, the entrauce v~.s 9* percent of the length
of the fuselage brick from the nose and for the midposi—
tion, designated B, the eritrance wr.s 37 percent from the
nose.

‘!thesix scoops tested are shown in figures 3 to 9.
The position of the scoop on the fuselage is indicated by
the letter A or B in the design.ntlon. The shape of the
scoop inlets, which vas nearly rectan:~lnr w?.th well-
roundod corners, is shown by the numeral 1. Hodiflca-
tlons in the sha~e of the li~ and the nl”terbctdy as well
ao various means of boundar~layes control are designated
by a final letter. Ordinztes for the outer surface and
the inner surface at the lip r.re given Sn tables II and III.

scoops B-–l-a, B–1-b, and B-1-c were similar except
for various devices for separatin~ the boundary-layer air
from the inlet air. A screen having approximately the
resistance of a radiator wao fitted inside these three
scoops more closely to simulate actual conditions. With
scoop B-1-a, shown in figure G, the lioundary layer was
bypassed under the screen and taken into the model along
with the rest of”the air. !i!heinlet of scoop B-l-b,
shown in figure 7, waa entirely outside the boundary layer
and provisions were made for the boundary-layer air to
flow around the outuide of the rest of the scoop. scoop
B-l-c , shown in figure 8, was similar to B-l—b except
that, in order to prevent spillage of boundnry–layer air
into the duct, a skeet-aetal shield was extended forward
df the Inlet a distance equal to the height of the inlet
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Tests were made of the model without a scoop to de-
termine the pressure distribution over the fuselage and
the boundar~layer thickness. The boundary-layer thick
nese was determined by surveys at several statione along
the top Of the model with rakae of total-pressure tubes.

Measurements of pressure distribution and. pressure
avail=l)lo In the scoop entrance wero nado at angles of
attack of Co, 8°, axd -3° for inlet-velocity ratios vary-
ing fron O to about o.~. The 0° angle of attack van taken
as representative of level fli~lit with the scoop either
on the t~i) or cm the bottom of the fuselage. The ~“
angles of r.ttack were taken as re~~rese~tc.tive of a climb-
ing attltuLe with tho scoop either on the to:? or on the
hotton of the fuselnge. At thefie nn~les of attack, the
lift coefficient is in the neighborhood of C.4 with the
low aspect ratio u~ed. Prossuros wei’e neasured along the
to.) of the entrance lip or. the center liao of e,ach scoop.
Tho total gressura avnllmble innide tho scoop was neasured
by a ra~:~ of total-i~r~ssui’o tub~s locatod on the center
liao aonr the inlet.

RESULTS AHB DISCUSSION

ThQ following ~ymbolo aro uaod in t-lo prosontatlon of
tho results: .

P static prcssuro

q froo-stream dyaamic ~qressuro

P/q pressuro cocfflolont .

vi velocity in scoop Inlet

v froo-etroam velocity

vi/v inlet-volocl.ty ratio

K total prossuro avallablo at ontrnnco of scoop, “

K& critical Mach number

, ., , ,, . , . . . . . . —.—. —.
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h depth of scoop enttimafice;inches

x distnnce from top of Eco~p entrance, inches

CL awle of attack of model, degrees

Two important iactors affecting the flow Into the
duct inlets are tile bounde,ry–layer thickness and the sur-
fac-pressure distribution ahead of the poiat at which
the Inlet is to be placed. These characteristics for the
teot model are shown in figure 9.

The critical MaclI number is plotted against inlet-
velocity r:ti~ in figure 10 for each of the scoops at 0°
angle of attack. These critical Mach numbers were ob-
tained from the maximum negative pressure coefficients
p/q by the nethod of reference 2. As shcwn in figures 3
and 4, the mfterbady of ~ooop A-1 was lengthened to make
scoop A-1-a in an :~ttaapt to raise the critical Mach nunber,
but the resultant ificraaso wzs negligible. Scoop B-l-a
was derived from SOOCE S-1 hy lengthening the afterbody
and changing the lip shaps. (See figs. 5 and 6.) This
change in shape res~zlted in an increase in critical Mach
number of about 0.06. Most scoops showed a uniform in–
creaoe of critical Hach number with Increasinfi inlet-
velocity ratio. ‘The explr,nation of this effect is clearly
given in reference 5.

The maxi.~um speed over the lip nf the sooop results
from superposition cf tho induced velocities of the fuse-
lage and of tho scoop. If scoops of similnr shape are
placed in regions of different induced velocities m thci
fuselage, tho scoop In tho region of lowest Induced ve–
Iocity will have the highest critical Mach number. Tor
tnlm reason scoops in position A had higher critlcnl Mach
numbers than scoops in position B.

The vnriation of the total pressurec In the scoop iu-
lets uith Inlet-velocity ratio and angle of attack is
shovn in figure 11. The total pressure available, In
terms c? free-stream d~namlc pressure, is platted agai.ast
the distance from the top of the duct expressed in terms
of the total !:eight of the duct. The total-pressure
measurement~ were nmde on the center line of the duct en-
trance. The total height of scoop B–l–a included the
boundary layer beneath the vane in the duct, which was
set at 0.85 of the total height from the top of the duct.



-, It will be noted thati..for -the
mositlon the pressures in the inlet

two sooops In the A
are nearly eaual to

lree-stream t;tal pressure for Inlet velociti”ita iit or
above 0.3. At a given inlet-velocity ratio the prensures
drop off for the 8° angle of attaok; however, the condi-
tions that oause the airplane to operate at an inoreased
angle of attack also cause the inlet-velocity ratio to
Increase with a corresponding Increase in total pressure.

The marked increase In pressure at inlet-velocity
ratios .at or above 0.3 in the modified 3 scoops in compari-
son with the original scoop B-1 Is a reeult of separating
the boundary-layer air from the Inlet air. At the A posi-
tion for which the boundary layer is thin, the effeat of
such a divicion would be loco noticeable.

COHCLUSIOI?S

Frou teate of six air scoops in two posltlons (for-
ward Gn~ middle) on a streamline fuselage, it was con-
cluded that:

1. The scoops tested in the forward position gave
total pressures In the inlet almost equal to freeetream
total pressure for inlet-~elocity ratios of 0.3 or greater.

2. When the scoops were in positions for which the
boundary layer is appreciable, It was necessary to resort
to seine moans of separating the boundary-layer air from
the inlet air to avoid low total pressuro in the inlet.
Even with the methods tried, thero was a decrease in the
inlet pressuroe next to tho body.

3. The critical Mach number Increases with lnlet-
velocity ratio. For the forward position of the eooop,
a critlcel Mnch number oi’ 0.550 wus obtainable at un
Inlet-velocity ratio of 0.3. !Che higheet crltlcal liach
number for a scoop in the midpositlon was 0.525 at an in-
let-velocity ratio of 0.3.

Langley I,iemorial Aeronautical Laboratory,
Nattonal Advisor~ for Aeronautics,

Langley Field., Va,
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.TABIZI.,.1 ..-

msEIAGE oRDINA!rEs

Distance from nose

(in.)

o
2,5
5.0
10.0
15.0
20.0
30.0
40.0

z::

Z::
go.o

100,0
11!).0
120.0
130.0
140.0
1~.o
16Q.0
170.0
180.3
1$/0.0
1~.o
200.0

~percentlength)

o
- 1.25
2.5
5.0
7.5

10.0
15.0
20.0
2560
30,0
35.0
40.0
45.0
W,o
55.0
60.0
65.0
70,0
75.0

g::
go.0
~.o
97.5

100.0
.— --—. ———..

(in.)

o
3.80

10.72
12.40
14.84
16.50
17.96
~0.96
19.64
20.00
20.00
19.72
19.04
1?.$)6

16.40
14.48
12.24
9.82
7.42
4,98
2.48
1.25
0

Radius

(percent length)

o
1.W
2.875
h,31
5,36
6.20
7.42
8.23
8.98
9.48
9,82
10.00
10.00
9,86
9,52
8.98
:.::

6;12
4,91
3.71
2.49
1.24
0.625

.0

—-



TABLE II

ORDINATES 03’ SCOOPS A-1 AN3 A-1-a

—.. . .

T“ ,
.-—.——..—-------

scoop A-1

Etat ion
Inner Outer

.——. ———.

0.25
.50
.75

1.00
1.50
2.00
2.50
3.00
3..50
5.00
7.00
9.00

1.2.00
15,00
18.00
21.00
21.25

31.00
35. s75

Hose radius
Ordinate to
center of

Grdinate I ordinate(;; j) (In. )

— ——

16.55
16.50
16.50
16.54-”
16.64
.—

-—
—-

.31

1 nose radius ~ 16.65

(2)
.—— —-.—-

17,26
17.5!.
17.70
17.86
18.09
18.28
18.,14
18.57
18.70
l@ .87
18.’?9
18.65
17.94
17.19
16.92
16.72

Tangent
to body

——. — - .—

s co Op A-1-a

Inner
I

Outer
ordinat e ordinat [

---- -~.--—- +- --—-—-—

16.55
16.50
i~ .50
16.54
16.64

—-——

-——

—.

-—.

,31

16.85

17.26
17,51
17.70
17.83 ,
18.09
18.28
18.44
18.57
18.70
18.87
18.87
18.84
1.8.80
i~ .75
le .63
18.64

18.51
Tangeat
to body

.
‘Stations are measured from nose of ECOOP.

20rdinates are measured from center line of model.
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TABLE III

ORDIMATES WOR SOOOPS B–1 ~ B-l-a “-

Statioz!

(/; j)

G.25
.50
.75

1.00

1.50
2.OC
3*C)O
4al)Q
5.00
6.3C
7.00
8.50

11.00
1Z.03
15. @o
18.00
22.00
23.94

25.00
28 .00
Z1. oo
34.00
36.00
39.00
41.61

lIOa O radius
Ordlnato %0
center of
nose radius

.. —-.. — .—

scoop 2-1

Inaer Out er
ordinate ordinut e
(;:j) (/; jj

—.-—-.——
t----- ‘-’

23,94
Z3.8L?
23.86
23.36
2~.~7

——
.——
— ——
-— —
—— —
——

——

—-
-—
——

—.

——

.—

.375

24.30

I 24.84

i %;
25.38
25.51
25.62
25.75
25. ao
25.74

I 25.60
25.35
2’:.90
23.57i
23.17
22.30
21 ● ~~

20.06
1 Tangent
to body

.—

l—

l—
i

J-—-— — ----...—-..

-—

Scoop B-l-a

Inner
ordinat e
(~nj)

2

..-. ..-— -—.

23. a8
2? .03
25. a2
23m33
23.84

—-—

.—
——
——
—-. . .

—-

——

——

—.—

.19

24.14

Out er
ordinat e
(;:j)

——— .

2~.45
~4.63
24,72
~~ma~
25.09
25.21
25.37
25.42
25.41
‘35.36
25.27
25.08
24.71
24.36
23.’33
23.22
22.2a

21.59
20.92
20.29
19.72
19.36
le .84

Tangent
to body

lStnt ions are measured from nose of scoop.

20rdlnates are measured from center line of model.

. . . . . . , .— - . . .—- .. —.—



~ Figure I.- Model with scoop B-1-c mounted in tunnel.
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